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FINAL REPORT

1. Summary: This research program was devoted to the synthesis
and characterization of new transition metal complex
conductors. Essentially, compounds expected to have high and
controllable electrical conductivities were designed based on
principles evolved in our laboratory and other laboratories
around the world. These new compounds were characterized by
temperature-dependent electrical conductivity measurements,
magnetic susceptibility measurements, electron paramagnetic
resonance spectroscopy, structural determinations by X-ray
studies on single crystal samples, elemental analyses, X-ray
photoelectron spectroscopy, infrared, and ultra-violet
spectroscopy. Results of the research have been described in
several technical reports. Brief reviews of important results
are presented in the following paragraphs:

Charge Transfer Compounds with Tetrathiafulvalene (TTF).

Reactions of TTF with a variety of copper(II) complexes
yielded highly conducting charge-transfer compounds of the
general formula (TTF) CuX, (X = <Cl°, Br’), where the
stoichiometry depended on the copper(II) complex starting
material. These new results clearly indicate that TTF-copper
halide charge transfer complexes of controlled stoichiometry
can be designed and prepared based on the redox potential of
the copper complex. (See Technical Report No. 44.)

Reactions of TTF with a variety of other transition metal
halides yielded highly conducting materials with TTF molecules
stacked to form chains, notably with the metal halide
coordinated to TTF molecules in the stacks. The new compounds
exhibit unusual stoichiometries and magnetic properties. It
is 1likely that these new compounds could be designed to
function as sensors or, say, as switches in devices.

Bis-Phthalocyaninato-Lanthanide Complexes. This work was
initiated when it was observed that HNd(Pc), exhibited

unusually high electrical conductivity. A number of analogues
were prepared and characterized experimentally and
theoretically (see Technical Reports 34-36,42). These
compounds were small-gap semiconductors, and some of them
exhibited wunusual temperature dependencies of electrical
conductivities. During the course of the research, a series
of compounds which may be formulated as Lny(Pc})(Pc') were
generated and remarkable properties were observed. Contrary
to accepted dogma, there is strong exchange coupling between
the 1lanthanide unpaired electron and the 1ligand-radical
electron. Furthermore, Yb(Pc),, a compound with no unpaired
electrons, exhibited a magnetic moment of 3.5 Bgy, AN
unprecedented magnetic moment which arises from orbital
angular momentum only. There is much fundamental research to
be done with these interesting compounds, especially with a
triple-decker series in which mixed-metal, mixed valence
metals and ligands may be prepared. (See Technical Reports 38




and 41).
Studies on Alkali-Metal Coinage-Metal Chalcogenjdes. A

number of such compounds, e. g. K;CusS,, have been prepared and
studied since electronic instabilities presumably arising from
charge-density waves were observed in our laboratory. (See
Technical Report No. 37). These compounds were selected for
study since they occur in the region of the generic phase
diagram common to high temperature superconductors. Although
many of these compounds are metallic and exhibit unusual
electrical conductivities, none have exhibited
superconductivity. However, this is a fruitful area for
fundamental research, and if current theories hold,
superconducting compounds will be found in some of the large
number of compounds that may be prepared. Systematic work and
patience will be the key to success. Collaborative work on
other systems which are precursors to high T, materials was
also undertaken. (See Technical Report No. 40).
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No. 35. Application of the Angular Overlap Model to Lanthanide
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Magnetic Susceptibility and Ligand-Field Theory, June 25,
1990.
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Coordinate Copper(1I) Complex: Preparation and
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Alkoxide Chemistry, November 14, 1990.
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No. 42. Correlation Between Pi-Orbital Overlap and
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1991.




No. 43. Properties of Tetrathiafulvalene Charge Transfer
Compounds with Iron, Ruthenium, Rhodium, and Iridium Halides,
10 June 1991.

No. 44. Synthesis and Characterization of Tetrathiafulvalene
Charge Transfer Compounds with Copper Halides, 19 August 1991.

Journal Articles Resulting from the Grant:

Padilla, J.; Hatfield, W. E. "Sigma and Pi Interactions of the
Pyrrolic Ligand Sandwich-Like Lanthanide Phthalocyanines
Determined From Magnetic Susceptibility and Ligand-Field
Theory", Inorg. Chim. Acta 1990, 172, 241.

Tucker, D. A.; White, P. S.; Trojan, K. L.; Kirk, M. L.;
Hatfield, W. E. "Identification of a Novel Tetragonally-
Compressed Six-Coordinate Copper(II) Complex: Preparation
and Characterization of a 3-Chlorocanilinium Copper Chloride
Complex, (3-chloroan111n1um)8[CuCl6]C14 , Inorg. Chem. 1991,
20, 823-826.

Samuels, J. A.; Vaartstra, B. A.; Huffman, J. C.; Trojan, K. L.;
Hatfield, W. E.; Caulton, K. G. "A Planar Oxocuperate(II)
Array Via Heterometallic Alkoxide Chemistry", J. Amer. Chem.
Soc. 1990, 112, 9623.

Trojan, K. L.; Hatfield, W. E.; Kepler, K. D.:; Kirk, M. L.
"Strong Exchange Coupling in Lanthanide bis-(phthalocyaninato)
Sandwich Compounds", J. Appl. Phys., 1991, 69, No. 8, 6007-
6009+

Kim, Y. 1I.; Hatfield, W. E. "Electrical, Magnetic and
Spectroscopic Properties of Tetrathiafulvalene Charge Transfer
Compounds with Iron, Ruthenium, Rhodium and Iridium Halides",
Inorg. Chim. Acta, 1991, in press.

Padilla, J.; Hatfield, W. E. "Correlation Between w-Orbital
Overlap and Conductivity in Bis-Phthalocyaninato Lanthanides",
Inorg. Chim.Acta, 1991, 185, 131.

Ro, H. K.; Hatfield, W. E. "Electronic Instabilities of Two-
Dimensional Metals K;Cu,gS, and Rb,Cu,.6", in Mixed Valency

: 3--8s° ! n
Systems: Applications in ngm;sggx. gﬁxs;gs, and Biology, K.

Prassides, Ed.; 407-412, 1991.

Trojan, K. L.; Hatfield, W. E.:; Kepler, K. D.; Kirk, M. L.
"Bis (Phthalocyaninato) Lanthanide Sandwich Compounds

Exhibiting Mixed Valence ngands" in Mixed Valency Systems:
Applications in Chemistry. Physics, and Biology, K. Prassides,

Ed.; 407-412, 1991.

Kim, Y. I.; Hatfield, W. E. "Synthesis and Characterization of
Tetrathiafulvalene Charge Transfer Compounds with Copper

Halides", Inorg. Chim. Acta, 1991, 189, 237.




L A i e

Oki, A. R.; Zhang, H.; Maguire, J. A.; Hosmane, N. S.; Ro, H.:
Hatfleld W. E. "Synthesis and Crystal Structure of the First
Neutral Bls(n-<:B-carborane)chromlum(IV) Sandwich Complex",

Organometallics,’ 1991, 10, 2996.

Oki, A. R.; Zhang, H.; Hosmane, N. S.; Ro, H.; Hatfield, W. E.
"Trinuclear, Mixed-Valence, 2Zwitterionic, and Sandwiched
Manganacarborane: A Novel "Butterfly" Cluster®", J. Am. Chem.
Soc., 1991, 113, 8531.

Trojan, K. L.; Kendall, J. L.; Kepler, K. D.; Hatfield Inorg.
Chim. Acta, 1992, 200, in press.

4. Personnel Who Participated in the Research

William E. Hatfield
Hye-Keong Ro

J. L. Perkinson

K. L. Trojan

Y.-I. Kim

K. Zimmerman

M. L. Kirk

Other co-authors listed above are collaborators or
undergraduate students.




DL/1113/89/1

TECHNICAL REPORT DISTRIBUTION LIST, GENERAL

No. ' No.

Copies Copies

Office of Naval Research 3 Dr. Ronald L. Atkins 1
Chemistry Division, Code 1113 Chemistry Division (Code 385)
800 North Quincy Street Naval Weapons Center
Arlington, VA 22217-5000 China Lake, CA 93555-6001
Commanding Officer 1 Chief of Naval Research 1
Naval Weapons Support Center Special Assistant
Atta: Dr. Bernard E. Douda for Marine Corps Matters
Crane, IN 47522-5050 Code 00MC

800 North Quincy Street
Dr. Richard W. Drisko 1 Arlington, VA 22217-5000
Navel Civil Engineering Laboratory
Code LS52 Dr. Bernadette Eichinger 1
Port Hueneme, California 93043 Naval Ship Systems

Enginesring Station

Defense Technical Information Center 2 Code 053
Building 5, Cameron Station high Philadelphia Naval Base
Alexandria, Virginia 22314 quality Philadelphia, PA 19112
David Taylor Research Center 1 Dr. Sachio Yamamoto 1
Dr. Eugene C. Fischer Naval Ocean Systems Center
Annapolis, MD 21402-5067 Code 52

San Diego, CA 92152-5000
Dr. James S. Murday 1
Chemistry Division, Code 6100 David Taylor Research Center 1
Naval Research Laboratory Dr. Harold H. Singerman
Washingtom, D.C. 20375-5000 Anngpolis, MD 21402-5067

ATTN: Code 283




ORGANOELEMENT CHEMISTRY - Distribution List

Professor 0. T. Beachley, Jr.
Department of Chemistry
State University of New York
Buffalo, NY 14214

R&T Code 4135002

Professor Herbert C. Browm
Purdue University
Department of Chemistry
West Lafayette, IN 47907
RS&T Code 4135011

Professor Steven L Buchwald
Department of Chemistry
Massachusetts Institute of chhnology
Cambridge, MA 02139

R&T Code 4135014

Professor William E. Hatfield
Department of Chemistry
University of North Carolina
Chapel Hill, NC 27514

R&T Code 4135007

Professor M. Frederick Havthotnc
Department of Chemistry

405 Hilgard Avenue
University of California

Los Angeles, CA 90024

R&T Code 4135004

Professor Robert H. Neilson
Department of Chemistry
Texas Christisn University
Fort Worth, TX 76843

R&T Code 4135005

. Professor Kurt Niedenzu
Department of Chemistry
University of Kentucky
Lexington, KY 40506

R&T Code 4135003 -

Professor Richard L. Wells
Department of Chemistry
Duke University

Durham, NC 27706

R&T Code 4135008

e e o e L S




